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BIOCHEMICAL DIFFERENTIATION IN THE IDAHO GROUND SQUIRREL,
SPERMOPHILUS BRUNNEUS (RODENTIA: SCIURIDAE)
Ayesha E. CilI 1 and Eric Yensen2• 3

ABSTI\At."T.-SpenrwpJulus bronneus is restricted toa 90 x 125-km area ofwest central Idaho, with two distinct (northem
and southem) groups of populations within this limited range. Morphological differen<,'es in pelage length and coloration,
external and cranial meroiurements. and bacula ~ilggest that these groups are either very distinct subspecies or species. We
used starch-gel electrophoresis to estimate the amount of genetic differentiation accompanying the.se morphologicnl
differences by assaying genetic vmiation at 31 loci in the two ge~raphic groups. Fifteen loci were polymoll)hic (13 in the
northern group, 12 in the southern). and mean heteror.ygosity (H) was high (12.3% northern and 10.8% sollthern). Nei's
genetic distance (0.057) is in the range usually associated with subspoofic differences. However. Jacco.rd's association
coefficient (0.893) is about the same as that found between several ground squirrel taxa currently recognized as species.
The high levels of heterozygosity suggest that S. bnmneus is a neoenclemic mther than a paleoendemic species.

Key words:. S,.rermophilus bnmneus, Spermophilus. lMJIO groundsquitreL. ground squirrels, electrophoresis, taxonomy,
biochemical dijJerenIiatio"-

Spernwphilus brunneus is one of the rarest,
least studied, and most geographically restricted
of the North American ground sqUirrels. Withio
its restricted range of ca 90 x 125 km in west
central Idaho there are two well-differentiated
subspecies, S. b. brunneus and S. b. endemieus
(Yensen 1(91). Significant differences in pelage
length and color, external and cranial measurements, and bacular morphology suggest that the
two taxa may be close to species-level separation
(Yensen 1991). The northern Spernwphilus
b. brunneus is known from only ca 20 isolated
sites in mountain meadows in Adams and Valley
counties. These demes consist of <200 individuals and are separated from each other by distances of 1-70 km. In contrast, the southern S.
b. endemicus is patchily distributed over a contiguous area 70 km long and up to 20 km wide
in the lower·elevation foothills of Gem, Payette,
and Washington counties (Yensen 1991).
Davis (1939) divided the North American
species of subgenus Spemwphilus into "smalleared" and "large-eared" groups and placed S.
brunneus within the large-eared group. Nadler
et al. (1973) found, however, that thekaryotypes
of S. brunneus and S. townseruiii mollis (small·
eared group) differed only in the presence or
staining intensity of minor bands on six chromo-

somes, indicating a close affinity between S.
brunneus and the small·eared group. Nadler et
al. (1974) analyzed serum transferrins of S.
brunneus using starch.gel electrophoresis and
concluded that it was biochemically"intermedi.
ate" and possibly ancestral to both the Nearctic
"small·eared" and "big.eared" species groups of
subgenus Spernwphilus. Nadler et al. (1982)
extended their analysiS to 21 Holarctic species
using 18 loci and concluded that S. brunneus
was a paleoendemic species most closely related
to the Eurasian S. dnuricus. Nadler et al. (1984)
revised their phylogeny to incorpomte chromosomal data and placed the evolutionarily conser·
vative S. brunneus within the S. townsendii group.
The presentstudywas conducted to estimate
the genetic differentiation accompanying the
substantial morpholOgical differences between
the two geographiC groups of S. bnmneus and
to assess the hypotheSiS that S. brunneus is a
paleoendemic species with small, relictual
populationf
MATERIALS AND METHODS

Specimens Analyzed
A total of 82 specimens were analyzed from
the follOwing localities: Spernwphilus brunneus

I Univcl'~ity of Nevada, n"nn, Nev,l<.1a R!:l5~7. Vl'rscnl add,..,s,= Inrtitute of Health Polky Studie~. UnIversity of CaIif(mJ!~\. San Fr;\t1<:i.'K-,(). Culif'J./11ia 94143.
2Museum ufNlllurnl Hi~Ory, AnH'lrt$On CulleRt'. C.,lowell, Id"ho8.'J.6t:6,
3Addl'e$S for repri'll req'~5.
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brnnneus-Adams Co.: 1 mi NE Bear Guard
Station, 3; Bear Cemetery, 2; Cold Springs Cr.,
1; Little Mud Cr., 5; Mill Cr. 3 mi N Hornet
Guard Station, 2; New Meadows, 12; Price
Valley, 2; Lick Cr., 6; Summit Cr., 9. Spertn1)philw; brnnneus endemicus-Gem Co.:
Sucker Cr. 11 mi N Emmett, 20; 12.6 mi N
Emmett, 1; Payette Co.: Big Willow Cr., 1; Dry
Cr. Road, 3; Washington Co.: Lower Mann Cr.,
10; Weiser Cove, 5. These specimens have been
deposited as vouchers in the Albertson College
Museum of Natural History.
Laboratory Methods
Blood was collected from the suborhital
sinus of living animals (samples sizes were 21 S.
b. brunneus, 9 S. b. endemicus). Liver and
kidney tissues were from sacrificed animals (10
S. b. brunnem, 6 S. b. endemicus) or frozen
carcasses collected for other purposes (18 S. b.
brnnnetlS, 31 S. b. endemicus). Carcasses were
stored at -20 C for 1--6 months.
TIssue sample preparation and horizontal
starch-gel electrophoresis follow Selander et al.
(1971)with slightmoclifications. We used 11.0%
electrostarch for lithium hydroxide gels and
12.4% for all other gels. Enzyme locus deSignations follow standarclized Enzyme Commission
(E.C.) nomenclature (Harris and Hopkinson
1976). The enzymes and nonenzymatic proteins
screened in this study, with tissue and buffer
systems used, were: alcohol dehydrogenase,
E.C. No. 1.1.1.1 (AOH), liver, tris-citrate, pH
8.0; glycerol-3.phosphate dehydrogenase, E.C.
No. 1.1.1.8 (GPO), liver, tris-citrate, pH 8.0;
L-iclitol dehydrogenase, E.G No. 1.1.1.14
(100H), liver, tris-citrate, pH 8.0; lactate dehydrogenase, E.G No. 1.1.1.27 (LOH), kidney,
tris-citrate, pH 8.0; malate dehydrogenase, E.C.
No. 1.1.1.37 (MOH), liver, tris-<:itrate, pH 6.3;
isocitrate dehydrogenase, E.C. No. 1.1.1.42
(ICO), kidney, tris-citrate, pH 8.0; ~pperoxide
clismutase, E.C. No. 1.15.1.1 (SOD), kidney,
tris-maleate or tris-citrate, pH 8.0; aspartate
aminotransferase, E.C. No. 2.6.1.1 (AAT);liver,
lithium hydrOxide; hexokinase, E.G No. 2.7.1.1
(HK), kidney, tris-citrate, pH 8.0; phosphoglucomutase, E.C. No. 2.7.5.1 (PGM), kidney, triscitrate, pH 8.0; esterase, E.C. 0.3.1.1.1 (ES),
hemolysate, tris-hydrochloric acid; peptidase,
E.C. No. 3.4.11 or 13.' (PEP), liver, tris-citrate,
pH 6.3; hemoglobin (HGB), hemolysate, trishydrochloric acid; albumin (ALB), plasma, lithium hydroxide; transferrin (TRF), plasma,
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lithium hydroxide; general proteins (GP 1 and
GP2), hemolysate, tris-hydrochloric acid; and
general proteins (GP3 and GP4), plasma, trishydrochloric acid. The proteins were numbered
in order of decreasing mobility, with the most
anodal labeled 1.
The buffer and stain systems for the proteins
screened in this study were described by Selander et al. (1971), except for stains for 100H,
HK, and PEP (Gill et aJ. 1987). Ofthe esterases,
only acetylesterases were stained and were
numbered 1 (most anodal) to 5. PEP·C was
detected with L-leucyl-L-alanine. ADH does
not have to be stained specifically and is seen on
many dehydrogenase gels. It was read on gels
stained for GPO.
Computational Methods
Gene frequencies, measures of genetic variation, Nei's (1978) unbiased genetic clistauce
and unbiased genetic identity, and the average
inbreecling coefficient (FIT) were derived from
input on Single individual genotypes (electromorphs) usina the computer program
BIOSYS·l (Swo(ford and Selander 1981).
Jaccard's association coefficient, SJ = a/(a+u),
where a = the number of matched electromorphs (1:1) and u = the number mismatched (1:0 or 0:1) (Sneath and SokalI973),
was also calculated for the two groups. SJ
depends only upon the presence (1) or absence
(0) ofalleles, as inclicated by bands on the starch
gels (electromorphs), not on allelic frequencies
as do measures of genetic distance. Negative
matches were excluded.
RESULTS AND DISCUSSION

SpeftnJ)philw; b. brunnew; was polymorphic
at 13 loci (42%), whereas S. b. endemicm ",-as
polymorphic at 12 loci (39%). If esterases are
excluded, polymorphism is reduced to 31%,
which is similar to the 29% reported for Mw;
,rnlScu!tlS and Homo sap/em (Lewontin 1974).
Average number of alleles per locus (A) was 1,48
:!: 0.11
+ SE) in S. b. brnnnem and 1.48 :!:
0.12 in S. b. endemicus. All polymorphic loci had
two alleles, except for peptidase and two of the
esterases, which had three.
Mean heterozygosity per inclividual per
locus in our sample was 12.3 :!: 3.7% in S. b.
brnnnetlS and 10.8 :!: 3.9% in S. b. endemicus.
These values are much higher than the 2.7%
heterozygosity reported by Nadler et al. (1982)
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for S. b. brunneus. The loci common to both
studies, however, were less variable than some
of our 18 additional loci. Even if esterases are
excluded from the analysis, our measures of
genetic variability (S. b. brunneus, H = 8.2%, A
=1.35; S. b. endemicus, H =7.4%, A =1.38) are
still mucb higher than theirs. They found H
values of0.0-10.4% (X = 3.5%) for other species
of Spemwphilus. Cothran et al. (1977) found
high heterozygosity (9.3%) in the ground squirrel subgenus letidomys. The average heterozygosity for 26 taxa of rodents was 5.4%
(Selander 1975), so Idaho ground squirrels have
relatively high levels of heterozygosity. Thus,
the levels of genetic variability are high for a
species postulated to be a paleoendemic
(Nadler et al. 1974, Cothran et al. 1977, Nadler
et aL 1982) with small isolated demes and confined to a small geographiC area (Yensen 1991).
Sixteen of 31 protein systems scored for S.
brunneus were monomorphic (GPO, LOH-A,
ICO-2, HK-l,2, PGM-I,2, AAT-l,2, !DOH,
SOD-B, AOH, ALB, TRF, GP-l,2). Frequencies of alleles in the polymorphic systems (the
most common allele <0.99) are shown in Table
1. As in other species (Kojima et al. 1970,
Lewonlin 1974), non-glucose-metabolizing
enzymes were more polymorphic than glucosemetabolizing enzymes with five monomorphic
(AAT-l,2, !DOH, SOO-B, and ADH), while
PEP-C, SOD-A and all five esterases were polymorpbic (Table I). The two taxa of S. brunneus
did not differ substantially in glucose-metaboliZing enzymes, with the majority of loci monomorphic, and the same allele common in the
polymorphic loci.
NadIer et aL (1982) found LOH to be monomorphic in all 21 North American and Enrasian
Spennophilus species examined. However, we
found two individnals of S. b. brunneus that
were homozygous for a fast allele at the LD H -B
locus. Nadler et aI. (1982) assayed from LOH in
red blood cells while we used kidney extracts, so
the difference may be between the two tissues.
Both groups of S. brunneus were polymorphic
for ICD-l and HK-3, while only S. b. elldemicus
was polymorphic for MOH-1.
Of the enzymes not involved in glucose
metabolism, the esterases were the most variable (Table I). We also found considerable differences between S. b. brunneus and S. b.
endemicus in the other non-glucose-metabolizing enzymes. Diflerent alleles were common for
PEP-C and ES-4 in the two groups of

TABLE 1. Allelic frequencies of polymorphic loci in

Spennophilus bnmneus,

Locus'

Allele"

bnmnells

endemicus

GLUCOSE-MF,TABOLIZING ENZYMF.S,

LOH-B

a

b
MOH-l

a

b
ICO·l

c
a

b
HK·3

a

b

0.929
0.071
0.000
1.000
0.000
0.926
0.074
0.132
0.868

1.000
0.000

Om8
0.911
0.071
0.986
0.014
0.097
0.903

NON-GLUCOSE_METAilOLIZING F.NZYMES:

SOO-A

a

b
PEP-C

a

b
ES·l

c
a

b
ES·2

c
a

b
ES-3

a

b
ES·4

c
a

b
ES-5

a

b

0.786
0.214
0.365
0.135
0.500
0.179
0.107
0.714
0.969
O.03l
0.971
0.000
0.029
0.714
0.256
0.656
0.344

0.957
0.043
0.329
0.343
0.329
0.056
0.167
0.778
1.000
0.000
0.944
0.056
0.000
0.389
0.611
0.944
0.056

0.233
0.767
O.too
0.000
0.000
1.000
0.962
0.038

0.667
0.333
0.500
0.500
1.000
0.000
0.750
0.250

NONEN'ZYMATIC PROTEINS,

HGB-l

a

b
HGB-2

a
b

GP-3

a

b
GP-4

a

b

·See text fur lIl;JQll)'I11S ofl"e;.
•• Anc~ ~re 1istl:<1 in order of illl:rellli;ng mobility; II il slowest

S. bnmlleus. In both cases the differences were
in allelic frequency rather tban in the presence
or absence of alleles.
Nonenzymatic proteins were scored in both
hemolysate and plasma. Albumin and transferrin in plasma and two general proteins in
hemolysate were monomorphic. We found variability at the two hemoglobin loci and at two
general protein loci in plasma (Table 1).
HeterozygOSity of hemoglobins has been found
in the closely related Townsend's ground squirrel (5. townsendii), in which the two hemoglobins have identic-al Ol-chains and differ by only
one amino acid in tbe sequence of their l3-chains
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(Kleinschmidt et al. 1985). They found no
difference in the oxygen affinity of the two
hemoglobins.
A general protein in plasma (GP-3) represented by a band just anodal to albumin distinguished the two S. brunneus. A fast allele
apparently has reached fIXation in S. b.
brunneus, whereas a slow allele ap~s foxed in
S. b. endemiCt/S (Table 1). This is the only locus
that can serve as a marker gene among the 31
loci scored, although LDH-B and MDH-l had
alleles that were foxed in one taxon and polymorphic in the other. The other presumed loci differed in allelic frequency only.
Nei's (1978) genetic distance is a measure of
the accumulated number of gene differences
per locus between populations. The genetic distance of 0.057 found between the two S.
brunneus was within the range associated with
subspecifoc differentiation (Avise 1974). The
average inbreeding coefficient (FST = 0.167)
indicated moderately high genetic differentiation. The two S. brunneus have a genetic identity of 0.944. By comparison, Cothran et aI.
(1977) found genetic identities uf 0.808
between S. sp{Josoma and S. mexicanus, 0.835
between S. spilosoma. and S. tridecemlineatus,
and 0.965 between S. trickcemlineatus and S.
mexicanus in the subgenus ktidamys.
To compare our results with other results
from the subgenus Spemwphilus (Nadler et al.
1982), we also calculated Jaccard's association
coefficient. This me~u're is less sensitive to
sample size and depends on presence or
absence of an allele, rather than on allelic frequencies. Jaccard's coefficient of similarity
between the two gronps of S. brunneus was
0.893. Judging from Figure 2 in Nadler et al.
(1982:206), the similarity between the two
groups of S. brunneus is about the same as the
similarity between S. armatus and S. beldingi,
or between some of the putative semispecies in
the S. toumsendii complex, the Eurasian S. susliens and S. citenus, or S. major and S.
enflhrogenys. Spemwphilus richardsoni and S.
elegans are more similar electrophoretically
than the two Idaho ground squirrels. However,
direct comparisons are difficult since the similarity coefficients computed by Nadler et al.
(1982) were based on a different, and apparently less variable, set of loci.
The electrophoretic data conform that the
two Idaho ground squirrels are genetically as
well as morphologically differentiated taxa. The
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evidence does not clearly resolve the question
ofwhether the two are separated at the subspecies or species level. The presence of one
marker gene and the observed frequency differelJces at others could be eonsistent with either
interpretation. The high levels of heterozygosity, however, do not support the paleoendemic
hypothesis.
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